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ABSTRACT: 

PROBLEM TO BE SOLVED: To enhance usage efficiency of process gas 
under a 

decompressed atmosphere of an etching device, etc., and reduce 
production cost 

by a method wherein the process gas is supplied to the interior 
of a vacuum 

bath for discharging the inside and decompressing and a part of 
exhaust gas is 

recirculated from the exhaust side to the interior of the vacuum 
bath. 

SOLUTION: A nozzle incorporated into an anode electrode 103 in a 
vacuum bath 

101 is connected to a gas bomb 111 being a supply source of 
process gas, and 

the exhaust side 105a of a turbo-molecule pump connecting with 
the vacuum bath 

101 is connected with a dry pump 106. Further, in the 
intermediate side of a 

recirculation line 107 provided between the exhaust side 105a of 
the turbo- 
molecule pump and the vacuum bath 101, a valve 108 and a filter 
113 are 
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disposed. A part of the process gas discharged by a 
turbo-molecule pump 105 

from inside of the vacuum bath 101 is returned to the vacuum bath 
101 through 

the recirculation line 107. A ratio of this process gas 
recirculated is 

adjusted by the degree of opening of the valve 108. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor manufacturing installation which was equipped with the bulb in the 
middle of the vacuum tub, an exhaust air means to exhaust and decompress the interior of a vacuum tub, 
and a process gas supply means to supply process gas to the interior of a vacuum tub, and was equipped 
with the recycle line which makes a part of gas exhausted by the aforementioned exhaust air means 
recycle inside the aforementioned vacuum tub from the exhaust side of the aforementioned exhaust air 
means. 

[Claim 2] A vacuum tub, the first exhaust air means which exhausts and decompresses the interior of a 
vacuum tub, and the second exhaust air means which exhausts the exhaust side of the first exhauster 
further and decompresses it, The semiconductor manufacturing installation which was equipped with the 
bulb in the middle of a process gas supply means to supply process gas to the interior of a vacuum tub, 
and was equipped with the recycle line which makes a part of gas exhausted by the exhaust air means of 
the above first recycle inside the aforementioned vacuum tub from the exhaust side of the exhaust air 
means of the above first. 

[Claim 3] The aforementioned vacuum tub is the claim 1 characterized by equipping the interior with the 
occurrence means of a plasma, or a semiconductor manufacturing installation given in 2. 
[Claim 4] The semiconductor manufacturing installation according to claim 3 characterized by having 
the VCF from which the resultant generated inside the aforementioned vacuum tub is removed in the 
middle of the aforementioned recycle line. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a semiconductor manufacturing installation, 
and relates to the semiconductor manufacturing installation which introduces process gas in vacuum tubs, such as an 
etching system and thin film deposition equipment, and processes a substrate especially. 
[0002] 

[Description of the Prior Art] With an etching system or thin film deposition equipment, process gas is introduced in a 
vacuum tub, a plasma etc. decomposes, and the substrate is processed using the active species generated by that cause. 
Since this vacuum tub was evacuated using the exhauster so that the interior might be maintained by the fixed degree of 
vacuum, the rate of the gas which actually serves as an active species among the process gas introduced in the vacuum 
tub, and is used for the reaction with a substrate is not filled to 1%, either, but most was discharged with the exhauster 
outside, without being used for a reaction. For this reason, the use luminous efficacy of process gas was remarkably 
bad, and had become the cause to which a production cost is made to increase. 
[0003] 

[Problem(s) to be Solved by the Invention] It aims at this invention having been made in consideration of the above- 
mentioned actual condition, raising the use luminous efficacy of process gas in the semiconductor manufacturing 
installation which processes a substrate under the reduced pressure ambient atmosphere, such as an etching system and 
thin film deposition equipment, and aiming at a reduction for a production cost. 
[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the semiconductor manufacturing 
installation of this invention is equipped with a vacuum tub, an exhaust air means to exhaust and decompress the 
interior of a vacuum tub, a process gas supply means to supply process gas to the interior of a vacuum tub, and an 
intermediate bulb, and is equipped with the recycle line which makes a part of gas exhausted by the aforementioned 
exhaust air means recycle inside the aforementioned vacuum tub from the exhaust side of the aforementioned exhaust 
air means. 

[0005] Moreover, although two or more exhaust air meanses are arranged, these are connected in series in the 
semiconductor manufacturing installation as which the degree of high vacuum is required and the inside of a vacuum 
tub is evacuated In such a case, from the near side of the second exhauster by which a part of gas exhausted by the first 
exhaust air means directly connected to the vacuum tub was connected to the latter part, a recycle line is prepared so 
that it may be made to recycle inside the aforementioned vacuum tub. 

[0006] Moreover, when the resultant resulting from the reaction of the aforementioned active species and a processed 
substrate is contained in the exhausted gas like a plasma etching system, in the middle of the aforementioned recycle 
line, a VCF is arranged and those resultants etc. are removed from the gas to recycle. 

[0007] In thi s invention, a recycle line is prepared between a vacuum tub (or processing room) and the exhaust side of 
an exhauster, it is enabled to raise the use luminous efficacy of process gas by making a vacuum tub once recycle again 
the process gas exhausted from the vacuum tub, and the use material unit of process gas can be cut down. Especially 
this invention is effective in reducing a production cost in the etching system which used the plasma, or thin film 
deposition equipment. 

[0008] Moreover, the configuration of the fraction which processes the exhaust gas of the semiconductor 
manufacturing installation in that case of the ability to apply [ when processing exhaust gas using a plasma ] the 
configuration of this invention The processing room equipped with the occurrence means of a plasma, and the exhaust 
air means for [ which exhausted the processing interior of a room ] decompressing, It has a bulb in the middle of a 
processed gas supply means to introduce processed gas into the processing interior of a room, and has the recycle line 
which makes a part of gas exhausted by the aforementioned exhaust air means from the interior of the aforementioned 
processing room recycle inside the aforementioned processing room from the exhaust side of the aforementioned 



exhaust air means. 
.[0009] , 

[Embodiments of the Invention] Hereafter, the gestalt of operation of a semiconductor manufacturing installation based 
on this invention is explained using a drawing. 

(Example 1) View 1 is the outline block diagram of the plasma etching system which shows an example of the 
semiconductor manufacturing installation based on this invention. 

[0010] The nozzle with which this plasma etching system is equipped with the parallel monotonous type plasma 
generator which consists of the cathode electrode 102 and the anode electrode 103 which counter mutually in the 
vacuum tub 101, and supplies process gas to the anode electrode 103 is incorporated, and ****** 104 is set on the 
cathode electrode 102. The chemical cylinder 1 1 1 which is the source of supply of process gas is connected to the 
nozzle included in the anode electrode 103 through the control -of-flow equipment 1 12, and RF generator 109 is 
connected to the cathode electrode through the matching circuit 110. 

[001 1] A turbo molecular pump 105 is connected to the vacuum tub 101, and the dry pump 106 is connected to exhaust 
side 105a of a turbo molecular pump. Furthermore, with this equipment, the recycle line 107 is formed between exhaust 
side 105a of a turbo molecular pump, and the vacuum tub 101, and the bulb 108 and VCF 113 are arranged while being 
the recycle line 107. 

[0012] A part of process gas discharged by the turbo molecular pump 105 from the interior of the vacuum tub 101 is 
returned to the vacuum tub 101 through the recycle line 107. The rate of this process gas to recycle is adjusted by the 
opening of a bulb 108. Therefore, the degree of vacuum in the vacuum tub 101 is adjusted by the supply flow rate of 
process gas, and the opening of a bulb 108. Moreover, a high etching product, high dust, etc. of the adsorptivity 
generated by the reaction of process gas and the processed substrate 104 inside the vacuum tub 101 are removed by 
VCF 1 13 arranged in the middle of a bypass line 107. 

(Example 2) View 3 is the outline block diagram of thin film deposition equipment showing an example of the 
semiconductor manufacturing installation based on this invention, 

[0013] This thin film deposition equipment is equipped with the inductive-coupling type plasma generator which 
consists of a cathode electrode 102 arranged in the vacuum tub 101, and an inductive-coupling type antenna 201 
arranged along with the periphery section of the vacuum tub 101, RF generator 109 is connected to the cathode 
electrode 102 to which a substrate 104 is set through the matching circuit 1 10, and RF generator 203 is connected to the 
inductive-coupling type antenna 201 through the matching circuit 202. 

[0014] With this thin film deposition equipment, like the example shown in drawing 1 , a turbo molecular pump 105 is 
connected to the vacuum tub 101, and the dry pump 106 is connected to exhaust side 105a of a turbo molecular pump. 
Furthermore, with this equipment, the recycle line 107 is formed between exhaust side 105a of a turbo molecular pump, 
and the vacuum tub 101, and the bulb 108 is installed while being the recycle line 107. Moreover, the chemical cylinder 
1 1 1 which is the source of supply of process gas is connected to the vacuum tub 101 through the control -of-flow 
equipment 1 12. 

[0015] The thing for which a part of process gas exhausted by the turbo molecular pump 105 is returned to the vacuum 
tub 101 through the recycle line 107 from the interior of the vacuum tub 101, and the degree of vacuum of being 
adjusted by the amount of supply of process gas and the opening of a bulb 108 in the vacuum tub 101 are the same as 
that of the example shown in drawing 1 . 

(Example 3) View 5 is the outline block diagram of thin film **** equipment showing an example of the 
semiconductor manufacturing installation based on this invention. 

[0016] This thin film deposition equipment is equipped with the parallel monotonous type plasma production 
equipment which consists of the anode electrode 301 and the cathode electrode 302 which counter mutually in the 
vacuum tub 101, a substrate 104 is set on an anode 301 and RF generator 109 is connected to the cathode electrode 302 
through the matching circuit 1 10. Moreover, the nozzle which supplies process gas is included in the cathode electrode 
302. The chemical cylinder 1 1 1 which is the source of supply of process gas is connected to these nozzles through the 
control -of-flow equipment 1 12. 

[0017] With this thin film deposition equipment, a booster pump 303 is connected to the vacuum tub 101, and the dry 
pump 106 is connected to exhaust side 303a of a booster pump 303. Furthermore, the recycle line 107 is formed 
between exhaust side 303a of a booster pump, and the vacuum tub 101, and the bulb 108 is installed while being the 
recycle line 107. 

[001 8] The thing for which a part of process gas exhausted with the booster pump 303 is returned to the vacuum tub 
101 through the recycle line 107 from the interior of the vacuum tub 101, and the degree of vacuum of being adjusted 
by the supply flow rate of process gas and the opening of a bulb 108 in the vacuum tub 101 are the same as that of the 
example shown in the drawing 1 or the drawing 2 . 

(Example 4) View 7 is the outline block diagram of the plasma etching system which shows an example of the 



semiconductor manufacturing installation based on this invention. 

{0019] .This plasma etching system is equipped with the parallel monotonous type plasma generator which consists of 
the cathode electrode 102 and the anode electrode 103 which counter mutually in the vacuum tub 101, a substrate 104 
is set to the cathode electrode 102, and the nozzle which supplies process gas is included in the anode electrode 103. A 
turbo molecular pump 105 is connected to the vacuum tub 101, and exhaust side 105a of a turbo molecular pump is 
connected to the inlet side of the dry pump 106. 

[0020] Furthermore, with this equipment, a bulb 1 16 is formed between the inlet sides of exhaust side 105a of a turbo 
molecular pump, and the dry pump 106, and the recycle line 107 is formed between the vacuum tubs 101 the upstream 
side of this bulb 116. Moreover, the bulb 108 and VCF 113 are installed in the middle of the recycle line 107. In 
addition, RF generator 109 is connected to the cathode electrode 102 through the matching circuit 1 10, and the 
chemical cylinder 1 1 1 which is the source of supply of process gas is connected to the nozzle included in the anode 
electrode 103 through the control -of-flow equipment 1 12. 

[0021] Although it is the same as that of each above-mentioned example that a part of process gas exhausted by the 
turbo molecular pump 105 is returned to the vacuum tub 101 through the recycle line 107 from the interior of the 
vacuum tub 101, unlike each above-mentioned example, with this equipment, the degree of vacuum in the vacuum tub 
101 is adjusted by the opening of the amount of supply of process gas, the bulb 108, and the bulb 116. 
[0022] The process of etching which used this equipment for below is explained. First, the inside of the vacuum tub 
101 is exhausted using a turbo molecular pump 105 and the dry pump 106. Next, process gas is supplied into the 
vacuum tub 101, and the inside of the vacuum tub 101 is set as a predetermined degree of vacuum. The supply flow 
rate of process gas is adjusted only to the part equivalent to the amount consumed by the reaction with a substrate, and 
the bulb 1 16 of the inlet side of the dry pump 106 is shut at the same time it generates a plasma using an parallel 
monotonous type plasma generator. At this time, the process gas discharged by the turbo molecular pump 105 passes 
along the recycle line 107, and flows in the vacuum tub 101 again. In addition, the high etching product of an 
adsorptivity is removed with VCF 116 arranged in the middle of the recycle line 107, and does not flow in the vacuum 
tub 101. Therefore, in the process of etching, it becomes unnecessary to operate the dry pump 106, and the 
consumption of process gas can also be suppressed further to the minimum extent. 

[0023] Furthermore, as this VCF 1 16, by using the matter with a catalysis, for example, Pt (platinum), nickel (nickel), 
Au(gold), etc., an etching product can be re-decomposed and it can change into process gas and a substrate material. 
Although process gas flows again in a vacuum tub among this, a substrate material is adsorbed by concerned VCF 1 16 
and does not flow in a vacuum tub. Thereby, it is enabled to decrease the consumption of process gas sharply. 
(Example 5) View 8 is the outline block diagram of the downflow etching system which shows an example of the 
semiconductor manufacturing installation of this invention. 

[0024] This equipment is equipped with the electric discharge room 806 and the substrate processing room 808, and 
both **s are connected through the quartz tube 807. The electric discharge room 806 is held into the mold cavity 805 
which generates microwave, and the microwave power 804 is connected to the mold cavity 805. Moreover, the 
chemical cylinder 1 1 1 which is the source of supply of process gas is connected to the electric discharge room 806 
through the control -of-flow equipment 1 12. The shower head 803 which supplies the activated process gas which is 
sent from the electric discharge room 806 in the substrate processing room 808 through the sample base 802 where a 
substrate 104 is set, and the quartz tube 807 to the front face of a substrate 104 is arranged. 

[0025] Roots vacuum pump 801 constituted by connecting five sets of the dry pumps 801a-801e in series is connected 
to the substrate processing room 808, and the exhaust side of 3rd Roots-vacuum-pump 801c of these and close side 
806a of the electric discharge room 806 are connected to it by the recycle line 107. The bulb 108 and VCF 113 are 
arranged in the middle of the recycle line 107. 

[0026] The process gas supplied to the electric discharge room 806 through the control -of-flow equipment 1 12 from the 
chemical cylinder 1 1 1 is decomposed by the microwave generated by the mold cavity 805 arranged to the exterior, and 
an active species is generated. Although a charged particle disappears by the collision with quartz-tube 807 wall etc. 
among this active species, which radical neutral particle passes along the quartz tube 807 and the shower head 803, is 
introduced into the substrate processing room 808 as it is, reacts with a substrate 104, and etches a substrate 1 04. 
Although the process gas which was not decomposed into an active species at the electric discharge room 806 flows 
into the substrate processing room 808 as it is and it is exhausted by Roots vacuum pump 801, the part passes along the 
recycle line 107, and returns from the sublevel of Roots vacuum pump 801 to an electric discharge room again. 
Consequently, the use luminous efficacy of process gas can be raised and there is an effect which cuts down a 
production cost. 

(Example 6) View 9 is the outline block diagram showing an example of a gas decomposition processor based on this 
invention. 

[0027] This equipment incorporates the gas decomposition processor using the plasma further in the plasma etching 



system shown in Example 4 between the bulbs 108 and the dry pumps 106 which have been arranged at the lower- 
.stream T of-a-river side of a turbo molecular pump 105, 

[0028] This gas decomposition processor consists of a recycle line 902 which returns a part of electric discharge room 
901, turbo molecular pump 103 which exhausts and decompresses the inside of the electric discharge room 901, and 
gas discharged from the electric discharge room 901 to the upstream side of the electric discharge room 901. The 
cathode electrode 902 is arranged inside the electric discharge room 901, and the cathode electrode 902 is connected to 
RF generator 909 through the matching circuit 910. Furthermore, the chemical cylinder 911 which supplies gas 
required in order that exhaust gas may be dissociated and processing may re-compound to comparatively easy exhaust 
gas to the electric discharge room 901 is connected through the bulb 912. 

[0029] A part of exhaust gas discharged from the electric discharge room 901 passes along the recycle line 907 by this 
electric discharge room 901, and the rate of the exhaust gas decomposed in the electric discharge room 901 increases 
by recycling in the electric discharge room 901 again at it. In the electric discharge room 901, it is 1 - 500 mTorr. A 
plasma is generated in a degree of vacuum. For example, 4 fluoridation **** discharged in case silicon and an oxide 
film are etched using the process gas of a fluorocarbon system is dissociated at this electric discharge room, and is 
changed into fluoric acid by adding a steam or hydrogen to this. 

[0030] Although the conversion efficiency to fluoric acid is about 10% when not making an exhaust gas recycle, about 
90% of a conversion efficiency can be obtained by increasing the rate of the recirculation. Thus, after exhausting the 
generated fluoric acid from the dry pump 106, it can be processed with simple processors, such as wet damage 
elimination equipment. Since exhaust gas was processed by conventionally connecting the damage elimination 
equipment of the physical adsorption formula by the porous material VCF to the exhaust side of dry ******** 106, the 
remarkable object for disposal costs had been required. 

[003 1] It can be enabled to carry out decomposition processing of most exhaust gas discharged, and the burden of the 
damage elimination facility arranged at a consecutive process can be made to mitigate by arranging the gas 
decomposition processor based on this invention in the middle of an evacuation system in an etching system etc. 
[0032] 
[Example] 

(Example 1) The result of the experiment conducted using the plasma etching system of view 1 is shown below, 
drawing 2 -- process gas ****** ~ C4 « F8 / CO gas — using it the degree of vacuum in the vacuum tub 101 —30 
mTorr Maintaining, various amount of supply of process gas and openings of a bulb 103 are changed, and the etch rate 
obtained when etching of the oxide film currently formed on the substrate 104 was performed is shown. 
[0033] C4 F8 supplied into the vacuum tub 101 the flow rate of gas 10 SCCM the flow rate of CO gas -- 200 SCCM 
it is — the time — a bulb 103 — a close by-pass bulb completely — having carried out -- the status ~ the degree of 
vacuum in the vacuum tub 101 —30 mTorr it is — the pressure of exhaust side 105a of a turbo molecular pump - 0.2 
Torr it was . moreover, C4 F8 the flow rate of gas - 5 SCCM the flow rate of CO gas — lOOSCCMs it is ~ the time — a 
bulb - the quadrant rotation ****** status — the pressure of exhaust side 105a of a turbo molecular pump - 0.5 Ton- 
becoming — the degree of vacuum in the vacuum tub 101 — 30 mTorr It was maintained. On this condition, since the 
degree of vacuum in the vacuum tub 101 is lower than the pressure of exhaust side 105a of a turbo molecular pump, 
once, a part of process gas exhausted from the inside of the vacuum tub 101 passes along the recycle line 107, and it 
returns into the vacuum tub 101 again, furthermore, C4 F8 the flow rate of gas - 2 SCCM the flow rate of CO gas - 40 
SCCM it is — the time ~ the thing of a bulb for which an opening is set to 1/2 - the pressure of exhaust side 105a of a 
turbo molecular pump — 0.8 Torr becoming — the degree of empty in the vacuum tub 101 - 30 mTorr It was 
maintained. Under each above-mentioned conditions, although the etch rate of an oxide film decreased the supply flow 
rate of process gas, it was able to be maintained at the value almost of the same grade. Consequently, the consumption 
of process gas could be decreased and the effect was in curtailment of a production cost. 

(Example 2) The experimental result performed using the thin film deposition equipment of view 3 is shown below. 
drawing 4 - process gas ****** - TEOS/02 The rate of sedimentation obtained when various supply flow rates of 
process gas and openings of a bulb 103 were changed and an oxide film was deposited on a substrate 104, having used 
gas and maintaining the degree of vacuum in the vacuum tub 101 to 5 mTorr is shown. 

[0034] the flow rate of the process gas supplied - respectively — 50/ 100 SCCM it is - the time « a bulb - a close by- 
pass bulb completely — having carried out — the status - the degree of vacuum in the vacuum tub 101 — the pressure of 
5 mTorr and exhaust side 105a of a turbo molecular pump — 50 mTorr it was . moreover, the supply flow rate of 
process gas — respectively — 30 / 60 SCCM it is -- the time ~ a bulb - the quadrant rotation open beam status ~ the 
pressure of exhaust side 105a of a turbo molecular pump — 80 mTorr becoming — the degree of vacuum in the vacuum 
tub 101 — 5 mTorr It was maintained. On this condition, since the degree of vacuum in the vacuum tub 101 is lower 
than the pressure of exhaust side 105a of a turbo molecular pump, once, a part of process gas exhausted out of the 
vacuum tub 101 passes along a bulb 108, and it returns into the vacuum tub 101 again, furthermore, the supply flow 



rate of process gas — respectively -- 10 / 20 SCCM it is -- the time ~ the thing of a bulb 108 for which an opening is 
-considered as 1/2 rotation -- the pressure of exhaust-port 105a of a turbo molecular pump — 100 mTorr becoming — the 
degree of vacuum in the vacuum tub 101 — 5 mTorr It was maintained. Under the above-mentioned conditions, the rate 
of sedimentation of an oxide film was not able to be based on the supply flow rate of process gas, but was able to be 
maintained at the value almost of the same grade. Therefore, the consumption of process gas could be decreased and 
the effect was in curtailment of a production cost. 

(Example 3) The experimental result performed using the thin film deposition equipment of view 5 is shown below. 
drawing 6 process gas ****** — SiH4 - 102 The rate of sedimentation obtained when various supply flow rates of 
process gas and openings of a bulb 108 were changed and an oxide film was deposited on a substrate 104, having used 
gas and maintaining the degree of vacuum in the vacuum tub 101 to 2 Torr is shown. 

[0035] the flow rate of the process gas supplied — respectively -- 20 / 50 SCCM it is -- the time — bulb 108 close by- 
pass bulb completely -- having carried out — the status — the degree of vacuum in the vacuum tub 101 — 2 Torr it is - 
the pressure of exhaust side 303a of a booster pump — 10 Torr it was . moreover, the supply flow rate of process gas — 
respectively 12 / 30 SCCM it is -- the time - a bulb 108 -- a quadrant rotation open beam case — the pressure of 
exhaust side 303a of a booster pump -- 15 Torr becoming — the degree of vacuum in the vacuum tub 101 -- 2 Torr It 
was maintained. On this condition, since the degree of vacuum in the vacuum tub 101 is lower than the pressure of 
exhaust side 303a of a booster pump, once, a part of exhausted process gas passes along a bulb 108, and it returns in the 
vacuum tub 101 again, furthermore, the supply flow rate of process gas -- respectively -4/10 SCCM it is — the time - 
- the thing of a bulb for which an opening is set to 1/2 pressure P of exhaust side 303a of a booster pump — 20 Torr 
becoming the degree of vacuum in the vacuum tub 101 2 Torr It was maintained. Under the above-mentioned 
conditions, the rate of sedimentation of an oxide film was not able to be based on the supply flow rate of process gas, 
but was able to be maintained at the value almost of the same grade. Therefore, the consumption of process gas could 
be decreased and it was effective in making a production cost cut down. 
[0036] 

[Effect of the Invention] Since the use luminous efficacy of process gas can be raised by making a part of process gas 
discharged out of a vacuum tub recycle into a vacuum tub according to the semiconductor manufacturing installation 
based on this invention, the consumption of process gas is decreased and an effect is in curtailment of a production 
cost. 

[0037] Moreover, since decomposition processing of the most fraction of the process gas discharged from a 
semiconductor manufacturing installation etc. can be carried out comparatively easily using a plasma etc. with the 
reduced pressure status immediately after exhausting from a vacuum tub according to the gas decomposition processor 
based on this invention, the burden of the damage elimination equipment arranged at a consecutive process can be 
made to be able to mitigate, and the installed cost and running cost of overall equipment can be cut down. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram showing an example of the plasma etching system based on this 
invention. 

[Drawing 2] Drawing showing the relation between the supply flow rate of process gas, and an etch rate 
in the plasma etching system shown in drawing 1 . 

[Drawing 3] The outline block diagram showing an example of thin film deposition equipment based on 
this invention. 

[Drawing 4] Drawing showing the relation between the supply flow rate of process gas, and the 
deposition speed of a thin film in the thin film deposition equipment equipment shown in drawing 3 . 
[Drawing 5] The outline block diagram showing an example of thin film deposition equipment based on 
this invention. 

[Drawing 6] Drawing showing the relation between the supply flow rate of process gas, and the 
deposition speed of a thin film in the thin film deposition equipment equipment shown in drawin g 5 . 
[Drawing 7] The outline block diagram showing an example of the plasma etching system based on this 
invention. 

[Drawing 8] The outline block diagram showing an example of the downflow etching system based on 
this invention. 

[Drawing 9] The outline block diagram showing an example of a gas decomposition processor based on 
this invention. 
[Description of Notations] 

101 [ ... Anode electrode, ] ... A vacuum tub, 102 ... A cathode electrode, 103 104 [ ... Dry pump, ] ... A 
substrate, 105 ... A turbo molecular pump, 106 107 [ ... RF generator, ] ... A recycle line, 108 ... A bulb, 
109 1 10 [ ... Control-of-flow equipment, ] ... A matching circuit, 1 1 1 ... A chemical cylinder, 112 113 
[ ... Inductive-coupling type antenna, ] ... A VCF, 116 ... A bulb, 201 202 [ ... Anode electrode, ] ... A 
matching circuit, 203 ... A RF generator, 301 302 [ ... Roots vacuum pump, ] ... A cathode electrode, 
303 ... A booster pump, 801 802 [ ... Microwave power, ] ... A sample base, 803 ... The shower head, 
804 805 [ ... Quartz tube, ] ... A mold cavity, 806 ... An electric discharge room, 807 808 [ ... Cathode 
electrode, ] ... A sample processing room, 901 ... An electric discharge room, 902 905 [ ... A bulb, 
909 / ... A RF generator, 910 / ... A matching circuit, 911 / ... A chemical cylinder, 912 / ... Bulb. ] ... A 
turbo molecular pump, 907 ... A recycle line, 908 
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— gp £ . 9 -XftTXyrnW^M 1 0 5 a E£ 
mi 0 1 <7)|*IgP^S«»$*l.lf«iS7^ y 10 7k, 



112 



/ 

101 




113 

1 



T 

103 I 



—f- 

102 

no- — *-p 



✓107 



105 I05o 



106 



109 



77777 



01/31/2002, EAST Version: 1.02.0008 



(2) 

1 

rttf'MfflRiis-ti-iifflBi^-f yk . 

[il*JS2] S£»k. 10 

wmnnmzru-txux tmrth 
m^z^ymi. fRm-mmmzz^xmz, 

imm] mexsm*, ^mzryx-?m^ 20 

[ffi#JB4] fTEBflBB^-fVOJfc+t:. UiEJISEffl 

tx^hztmwLti-mimsiziimcvmwwm 

[0001] 
[0002] 

immm x-y+yft&wmmmiExu. r 
u*xisx*m , mwzmxLxryx~?m\ l z£ <om 

zti&mizymi&wzR^xMmmztix^&nx'. 
-gtmMzm-xztitzrv-txtfxnn, ^m^ssiss 

$w^aiS*vci'tf:. z<nt&>. ra-txtfxcotm 

[0003] 

it it t x .y f - v/ga^ntta 
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[0004] 

[HIB*JIHIW*fcft*>*R] ±E»BW*aWW-*fc 

mmmmzx^xm^hr^x<7)- 

i o o o 5 1 a*:, nnmsiiimik ztii ^mtkwim 
mzh^xit. mmotim^mwmix . ztih*& 
wzmmLxnmmm&m%i-^K znm&*& 

[0006] 4fc, r7X7X7fy/gl«, « 
%ziitz#xnwzmd.mmt wmxmbnsu&z 

[0007] *«»TfcL X£» (ft*V^i«fflS> k 

«tSffiS?*4^ t tz X 0 , Tn-bx^'xwfiJfflS!)* 

[0008] *«W«flUfitt, T5Xv£fflWt 

ffirftfcft<oswi¥Ri:. mmwztemmtixzmA 
tmm#xm*&t. Btrie 

[0009] 

[ftQOggftaffiS] 1ST, *»W=S< i IMWt«B6SI 
(Ml ) HUi, **5!KS<¥*flt|^B*>--Wfc 

[00 10] ;<07"5X-7Xy^-y^fiti. E£ttl 

o irtc. sv^{c«ni-f**y-K«flBi o 2rx/t/ 

^SffiSrilx., 7y-K«S10 3fcttrn-fe.X#*£ 
ABM" I. /X;WjWffl*a**L, * V- HWi 1 0 2±C 
*<*tRl 0 4*i-fe>yh§fll». ry-h*«ffii0 3t:ffl 
*a4<xfcyX/t*:tt. SUttOffillSKl 1 2*ftlXT 
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fu #v-fww:u:, vvj-yywi 10 Of ix 

nmmWM 1 0 9 jWBKSitT 1^6 . 
[0011] 1 0 1 Mt?-Xft?Xyy l 0 5 
iWS«S*U f-#to¥#>70&!M 1 0 5 a(c» F 

?>f^y7 , io6*«ttSiiTv^. jEfc. znmmx 

tt. 9-X1t=hlty7rtgl9m 10 5a txsra 1 0 1 
t -f V 1 0 7 OTWtMlTfe 0 , If MS 

y 1 0 7<0&«ffct4>'0l':/l 0 8&tf7 -f ^ 1 1 

[0012] xs« i o i ortaw^-tf^wyr 

10 5(cJ:->TSHBS*ifc7 , o-fe^^o-||5tt. fffll 

^74yi07£jI->TK£»10 1'vK$i'il>. -TO 
Bfif!3ft$rn-fc*#x«Si|£{i, A/i^i 0 8«ogll 
Sfci 9«£ix&. ffioT. Jt£ff 1 0 1 rtcoXSS 
(4, ro-b^^'X£7)tt^gEfi^<;U^ 1 0 80H£(c 

j:0MS§a-So ifc. jesflioiwrtarcrn-fe^ 

y\ 0 7^tf(ciEB$ii^7-f/i/^i l3tc«J:oTI$ 
(012 ) 113(4, *^fc»<*MW*»fii«*>--fl* 
[0013] £<7>«lg«l«ii«(4, 1 0 1 rtCB 

mtititj v- pii i o 2 , i o i 
«rc»^Tia*^»ii*^7v?*2o ia»6«i 

04tf-fe-yh§*l.&#V-K«ISl 0 2(w(4, V-y^-y 
*T!DK 1 1 0£rtUO(W«m»l 0 9#«*3ft.. R 

mm-smryTi- 20 i £14, •7«y^-y^[His&2 0 2Sr 

[0014] i<OWR«fflBarci4. II 1 tZpLlzmt 
H8fc, «S»i o i tte^-tf^tfyri o 5*** 

?-*#^*yr<^EM8ll 0 5atH4F5-f 

^-df*?#yr^aH 1 0 5 a tK^ffl i o i to 
iacsiB85>f y i o 7*mfhixxt3 o , nvmyJ 

y\ o 7C93&t»K(4A;i,:/i osa^g^fiTHS. t 
fc, JKStt 1 0 1 ICI4. S»$J«i£fil 1 2*itLX7 

[0015] i o i wrtat^fe^-jK^jKyr 

1 0 5Cir>-C»**ilfc7 , D-fe^^O-«36 t . 
«?-f y 1 0 7 *a-jT*SS» 1 0 1 'sRSfiaci: . 
fttf. KSSH OlVWWS.m. rn-b^^^M 
ft&tf^/l'T'l 0 Scrmmzk-yXffl&ZiX&Zbte. 

m i fc^LJtwt . 

(A3 ) 125(4, **^^<^NWWJeKBO--«& 

[0016] caa»t£M£ttu. jtgfl i o i rtc. 
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, i«sio4ury-F3o lwic-t /hSii, 

#y-FttR3 0 2£ti« -?-y^yym,l lOSr^-L 
TWHWKilOQj^ftaSitT^ft. 4fc. #y-F 
«Sb3 0 2£(4, 7"n-fe^Xtflttft^*yX/kWB* 

&**itv>*. i*i<i»^yx;wci4. m®mmwi i 

2 2r^-LTrn-feX^x<7)^jit"*)l)^^y^l 1 

[0017] £e>MR*ffiBirCtt« XSfll 1 0 1 £14 

10 y-X^^>-r3 0 3* { ^$n., ^-X^yT 3 0 
3 a&Affll 3 0 3 a t (4 F 7-f iffVT 1 0 6 j^ffiRS 

Hfc. 7-X?^yTC0#MRilJ3 0 3a£:X£ 
» 1 0 1 fc wratBfiS^ 4 y 1 0 7 4*R»t MiXiJ 

o , ffus^-r y i o 7tfMW»Kiiv^y i o zimw. 

[0018] 1 0 1 <rtfffiipt>f-X.9i£VT3 

o 3fci-j xm%% tarra** Baa 

5^1 0 7£ffloT«£«10 I'vSSfiiii:, a 
tA\ KSfll 0 1 rt<?)K£JK#. rn-feX^'XiOtt^SE 
20 JKW^^^l OSWBBKtiOWBES^iiktt, 0 

[00 19] Zer>TyX-?x-y^yymmii. XSEffl 

o irtc, swcttiflrt-iJ&y-FWSi o 2St^r/ 

- F«a 1 0 3*»4>fll«S*l* J Fff 3 l , «aS07 , 9X7» 
^gaSriS i , il V- F«ffi 1 0 2 (C(4«« 1 0 4 *Mr 
•yh$n, ry-FISffil 0 3t{47*n-bX^2:^ 

i-4yx^3wn»a*<i'rv^. ~mm\ o 1 W4^- 

fSMl 0 5 a(4. Y?4Xy7l 0 6<?)tRAIWc^? 
[0020] St, iOHH-Cfi, 9-iMt=r#yT9> 

%\%m losatF^-f ^vr i o 6 nmxmrmz* 
)v-f\ \ mm? 4 y\ oi\$. 

;P-yi 1 6^±SEfflitSS1il o 1 bcomzmf^iiX 

v^&. wmy*y\ o7«i*diA>yio 

-F«B1 0 2fc<4-7-y^-y^|l]SSl 1 0*^UT*JB 

40 mm i o 9 wmttzti. r y- f«s i o 3 tcfl»& 

SWtyXA'KttaUBWWBIl \2i-ftLXru^.x 

[0021] xs« 1 0 1 mttUfr!>f-#f&tfyr 

S5^fy 1 072rjioT«S»l 0 l^mZti&Zt 

it. mnmtmmx'h&tf. z^mmx-it. ±&n 

#MtJ4M=5rO. MSffil 0 1 F*l<0K£g(4, ro-fex 
75fXc7)tt^, 0 8X^^1 1 6 OMSK 

50 iOPS^ixl.. 
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coo2 2] OTts zemmzm^x-y+ymi. 

W itvri 0 6 fc frJHWcUffiM 1 0 1 F*|Sr#M!Vf 

i>. <wc 7-o-tx#x£*£*f 1 o 1 i*K\«tetT, 

K2« 1 0 1 rtfcWJg^KEJtKRJW-*. TffT^ 
xli. ?fffi8?4 V 1 0 7 SriioT, BV, 1 0 

nmmy^y i o 7ofc«*»ti»£*ifc7 /i^ i 

1 6£J;oT]R9Bfca>fu Jl£ff 1 0 1 WcliSA.Lfr 

0 6S:a!|£-ri.^S* {: 5r<^0, HKs rot^O 

[0023JHK. 16bLXMM#M 
flUtf, Pt (T*?**) , Ni C^-y^ 
. Au (&) fciffcfflniifcfcJ: xvfy/ 

StfSEA-*-***. Wf4(i3i7^/^ 1 1 6t J: 9 

*j y ? u-x 7 y *<£B*>*»fll*BI?* * . 
[0024] Et«S8 0 6 fcSK£a£8 

0 8 wattra»8 0 7^LTtftR$<t'C 

S«S8 0 6{i, v4 7 o«£8£$-tf 
T-f 8 0 54><t»fcJR&§:fT., *tt'f^ 80 5Wi-7-f 
708^8 0 4 *«8«S*VOv&. 4fc. SC«^8 0 
6fcii, eKftMWKIKl 12i^LTrat^^ 

aS8 0 8rtt:tt. SKI 0 4**-fcvh;&ii*«B68 
0 2. &tfi5|»8 0 7£fiUTfl«S8 0 6a»&3afc 

j&t 3> V -a. . y H 8 0 3 *ieS?ilT V > & . 

[0025] ®R»ia^8 0 8tJi. stswyjxy 

7'80 1 a~80 1 efcBHfcfcgH-ftifcfc'k-J'C* 
%ify7*8 0 liWgK§*L. £*>rt*>3» 
SO;U- > y^y7'8 0 1c <0^«ffli:&<a8 0 6 OA 
088 0 6 a i: IfiWmv* V 1 0 7 (C J: oTSWSflT 
^3>. S«»7-f yi 0 7*>JM>fciA''0l'7'l 0 8&IX 
7-f/l^l 1 3jWEB3*VO>*. 
[00 263 #X*>"<.1 1 1 ft>6SBftMttg8 1 1 2 
fcrtLT»ftS8 0 6»C^$ilfcraH:*#;Ui. * 
tfJjUBfciilf bff - >f 8 0 5 v 4 7 



4) #^¥9-2 5 198 1 

6 

8*>I*L ffi«fi?teE3S©8 0 7 lift fc'i Officio 

7ay : >' j p7-^>y H8 0 3$-)i-oT. -eotaaw 

a£8 0 8F*rO£A£fU Sttl 0 4fcKJSLT»Kl 
0 4*Xyf-y^«. ttVS8 0 6TStta(=4HI$ 
*i$r*»ofcrn-fe*;y*tt. <?0>*&£ttS!ta28O8 

a«AL-C. /t—'ytf y7*8 0 1 *C«fc 
•to— SPti:, ;i/--yjKy7-8 o l » Bits? 

-fV10 7fc»->T, SV. Jfcm^MS . 
10 To4;X#x<?)fiJffl2!)*£©£>6 d btfX'% . 

< ffl 6 ) 0 9 !i*#9!fc£< #*4W!*B!BiS*0--H* 

[0027] ClcOSMfi, ffj4T*Ufc7*7Xvx-jrf- 
y^SUfcfcWt, ^-^^>-7'l 0 5(7)T««(C 
ieaSit^^>7' 1 0 8 b H ^^7* 1 0 6 fc com 

[0028] i«^4WII«HiMKi. ft«S9 0 1 
20 t . S!c«S9 0 1 ft*mi ( LrWE't&9-#4&#y 
7 1 0 3 fc . Km^9 0 1 *^$ffiSiT.*:#A<7)-S!£ 

Scm^9 o 1 0)±&Mizm?mmy4 y9 o 2 

««S*iTv^i. 8«a9 0 1«)rt»ft:li^y-H«fi 

9 0 2#iI2K3*U ^V-HBfii9 0 2Ji:-7-yf-y^ll] 
8&9 1 0 &^LTiSii]^m9 0 9K«ttSil.TV^. 

6^*>"^9 1 1*^ /"^7*9 1 2^tT»KS<X 
30 [002 9] ITU. 2SflS9 0 

»aisiifcff^<'5-«* t > nmmyj y 9 0 7 ta-? 

9 0 1 |*j?#W3;h.*##*OW^tt[lir**. 

9 0 1 F*3T(±, 1 ~5 0 0 mTorr 0)it2£JKtCtJV^Tr 
7Xv££l£-fl>. «itf. 7^n^-^y^«07-a 

40 [0030] spajxr^ -tf&v ^ s t« » *s 

^<7)^m^*iilO%gST'S>l.* i . BtSil*$:tt^-r 

*t <fc 0 t 9 0 %nmco$&mmzm z 1 * . 

4J*3*ifc»l»i, K5^#y7-10 6 

■CJ: •) JIM-*"* - i: * * . YyJ#4y 
71 0 6 oftftflltc. #?LM7 ;U^lc<fc 

[003 1] *JKBKS<^*«WKSSI1*. x-y^- 
50 y^S^t'tiJV^K^fm^^^+tiesn.- 
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[0032] 

o^H^O^SrOT^-f . 02ti, Tn-tx^Xt 
LTC 4 Fs /CO#x£i£fl|LT< XSffl 0 1 
*£g£3 0 mTorr (CttJ* U5r*^ 7o-fe^^« 

tt&uwoi,:/ i o 3<mfe*m« , SMkS*r , s 10 

«1 0 4±l=^j££flT^I>lK^OXy^y^£fTO 

[0033] jt£ffl 1 0 1 rt^ffite-TS C 4 Fs #*<0 
0 SCCM X', COJJX0MM.W2OO SCCM CO 
B», A'^l 0 3*±HfcU:tt»T, Xffitf 1 0 lrt 
«JOBKtt3 0 mTorr T\ *-#4HFjKV7V>SMMI 
lOSaCOffflliO. 2 Torr C 4 F 

s #Xfl&IMtf5 SCCMT\ CO#*<oaUb6«10 0SC 
CM A-;^$r4^C01H]fera^!t*t«t\ 
4HF#yrtf)8ttlW10 5aWffiftttO. 5 Torr t^r 20 
•3 , S£« 1 0 1 ftnnggUt 3 0 mTorr (ClWSfl 
fc. ^W^frT'. Jt£ttl 0 1 l^OSffiga^-.-KiH 1 
tfyroSBRH 1 0 5 atOE^J: 9 iftv WC. -fl» 
K£A 1 0 lrti DSKlS^fcrn-feX^o-IWi, 
y 1 0 7 $raoT . 1 0 1 rt^K 

S. Igts C4 Fs tfX0MM#2 SCCM T\ CO^ 
<0lS** { 4 0 SCCM <OB^ )<)V-?<rM%3: 2%<D 1 tt 
**(c J: 9 » ^-jK^jKVT^SBMI 1 0 5 a coE^ 
140. 8 Torr fc$r9. XStt 1 0 1 ASKIi 3 0 mTo 
rr (ClHWflfc. -hEOS-sfcrtOT, BftRWXvf- 30 

SSaTK*^. H4tt. rn«^k LTTEOS 
/Ch #X£ffifflLT. J6Effil 0 ll*IO*S£K£5 ■ 

TQrrfc«»L$ra t 6. rn-fex^<DflBftaaa^^i' 
y i o 3 coughs* . 3Efl:s«r . she 1 o 4 ±t» 

[0034] ffl&%tih-rn*xifX0mMifi%1x?ti 
5 0/1 0 0 SCCM <OB*, rtlV'fZ-kmizLtzW&X'. 
M£.n 1 0 ll*JfDX£JK<2:5 mTorr, 
nmiMl 0 5 aOE:*J{i5 0 mTorr T&^Jt. * 

fc, ro*^^o«ttaa*«*<iw.3o/6o sec 

Ttfyrntl&ilM 10 5 a«E:rjte8 0 mTorr 

0 . MS.® 1 0 1 rtom^KJi 5 mTorr (3Ktt3*l 

TitymmfSM 10 5 acoE^J: W>«T\ -J1L R 50 
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SJf 1 0 lrt^ttJlSWirn-b^^-IBtt, a* 
0 8*aoT, Jt&Ml 0 lrt^i. JE 

rn*^x^»aub6<*<i*h. 10/20 sec 

M /NWl0 8(0^Sr2^OlH]tei:'fS^ 

1 0 , *-##?!KV7V)SWlP 1 0 5 aOE^Ji 1 0 
0 mTorr fc * 0 . K£« 1 0 1 |*JO]t2fttt 5 mTorr 

(IQtt0l3 ) H5^W»iHa@BSfflv^TlT-9fc«WS 

HfcUlTK^-f. H6l±, ro-feXtfXfc LTS i H 4 
/Ot *'x^ffifflLT, 0 1|*IC0*SSS:2 T 

7'10 8<O^«2:il^, ^bSifC, ««10 4±{CK 

[0035] tt&SftSTn^xtfXcoaatffft-eft 

2 0/5 0 SCCM C0B#, aVUT" 1 0 8£Hfc Lfc«!B 
f. KS«1 0 l|*I<0|t3£JS{i2 Torr T\ T'-X^^ 
yrogf^,ffl|3 0 3acOE^(il 0 Torr -C*-jfc. & 

ro-fe^^Xc7)«^ffi«*^fLmi 2/3 0 SCC 
M <OI$. A'/Uyi 0 8*4^C01 IsHEiBttfc^K:. ^ 
-X*!Kvr*)SfclM3 0 3a*>EEttil 5 Torr t^r 
0, *^»1 0 H%7)i££Jgli2 Torr tUfSSftfc. 

iflDftft-c. s^«i o iftvm-g.wfir-xfxyr 

0>9f9lM3 0 3 aOE^jJ: 0 fcfiv^T, -S. , SBSS 
titzru-txtfxay-mt. *)V~7l 0 85-jio-c. B 
X&f 1 0 J5fc, 7ntX#X^ 

fflk1fi*iX?1x4/\ 0 SCCM OB*, AVl/^O^S- 2 

^lfc^ftikti'), y-^^sKvr^sMnaso 

3aOE^jP«i2 0 Torr t^rO, KSM 1 0 1 l*W>* 
SJK<i2 Torr fc|W$*Ut. ±E*ft«T. WC»n 

mmmtru*:xt}x<r>mi%imzZi h-r. immm 

[0036] 

[ 0 0 3 7 ] 4fc. ^*«BHBMK J: 

tin. ^mwmmmciLt^m^ti^r^x^x 

«044, r?Xv»*ffli^tt«W. »»(C4MB» 

■r*;fc* t 'CS'4<oT. a«coiaci!ais*ifti»WB 

4. 



01/31/2002, EAST Version: 1.02.0008 



(6) 



^¥9-2 5 198 1 



[HHOmJMrWJI] 

[H3 ] ^mmzm<mmmwmco-m^-nmm 



i o 

1 0 1 • • • XSffi. 10 2- 

3 • • • 1 04 

• *-sK#WJ'7\ 106 • 

7 • ■ ■ nmrn^jy. i os 

• • XHtfeVSL 1 1 0 ■ • • 



[us ] *mfc&<mmffik^e>-mz*-mm 
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[08] *^^<^y7O-X-yf-V7"^a<0- 
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• • • mm.. 1 o 5 ■ • 

• • k^jkxt, i o 
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